Most commonly-used molecular phylogenetic methods assume that the sequences 12 evolved on a single bifurcating tree and that the evolutionary processes operating at the 13 variable sites are Markovian. Typically, it is also assumed that these evolutionary processes 14 were stationary, reversible and homogenous across the edges of the tree and that the multiple 15 substitutions at variable sites occurred so infrequently that the historical signal (i.e., the signal 16 in DNA that is due to the order and time of divergence event) in phylogenetic data has been 17 retained, allowing for accurate phylogenetic estimates to be obtained from the data. Here, we 18 present two metrics, λ and δ CF S , to quantify the strength of the historical and compositional 19 signals in phylogenetic data. λ quantifies loss of historical signal, with λ = 0.0 indicating 20 evidence of a strong historical signal and λ = 1.0 indicating evidence of a fully eroded 21 historical signal. δ CF S quantifies compositional distance from full symmetry of a divergence 22 matrix generated by comparing two sequences, with δ CF S = 0.0 indicating no evidence of 23 evolution under dissimilar conditions and δ CF S > 0.0 indicating increasing evidence of lineages 24
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where n kl represents the number of sites with nucleotide k in sequence i and nucleotide l in 84 sequence j (here, the indices k, l = 1, . . . , 4, correspond to the nucleotides A, C, G, and T ). 85 Furthermore, let n k• = l n kl , n •l = k n kl and n •• = k,l n kl . Finally, let 86    Y ={y k } = (n 12 , n 13 , n 14 , n 23 , n 24 , n 34 ) Z ={z k } = (n 21 , n 31 , n 41 , n 32 , n 42 , n 43 )
, where m = 1, . . . , 6 (here, m is the number of elements in Y and Z).
87
Given these definitions, we can compute:
and 89 δ CF S (ij) =
where δ obs (ij) is the proportion of variable sites with different nucleotides in sequences i and j, value of δ CF S as the tree depth increases from 0.5 to 4.0. However, this increase is unlikely to 272 have any practical consequences, because the historical signal has already decayed fully 273 (λ = 1.0) for 22% and 45% of the sequence pairs obtained on trees with tree depths of 2.0 and 274 4.0, respectively (0% was obtained for trees with tree depths of 0.5 and 1.0).
275
This result has two implications. If a survey of real data returns: (a) a distribution of 276 δ CF S that differs markedly from those in Table 1 , then there may be evidence that some of the Table 1 , with most values being greater than 2. Hence, for these data, a 288 preliminary survey of the phylogenomic data would lead to the following conclusions:
289
• None of the sequences in alignments of 1st, 2nd or 3rd codon sites can be regarded as 290 random with respect to each other, so the historical signal is clearly not eroded fully, 291 even though the signal is very low, as expected, at 3rd codon sites. In phylogenetics, the historical signal in sequence data is known to decay over time (Ho and 300 Jermiin 2004). Conversely, the compositional signal in these data might increase over time.
301
That both of these signals might be present in phylogenetic data leaves anyone interested in 302 inferring accurate phylogenetic estimates from the data with a big challenge. They can either 303 proceed-as most published phylogenetic studies have done so far-and assume that violation 304 of the phylogenetic assumptions, while unavoidable, have no effect on the phylogenetic 305 estimate, or they can employ a growing body of data-surveying tools intended for 306 phylogenetic data, and gain as much information as possible about the data before they 307 embark on the actual, sometimes very time-consuming, phylogenetic analysis.
308
The methods presented here are intended to fill a gap in our phylogenetic protocol Hence, it makes sense to survey phylogenetic data for evidence of violation of the phylogenetic 313 assumptions before phylogenetic programs are applied to the data, but such pre-phylogenetic 314 surveys are rarely done, and that is a worry because under certain conditions it is possible to 315 infer the correct tree topology even though the historical signal is fully decayed (Ho and 316 Jermiin 2004). Clearly, under such conditions the non-historical signals will dominate the 317 historical signal, and any tree inferred from such data will be of little value to those hoping to 318 infer the evolutionary history of species.
319
One of these assumptions concerns the historical signal in phylogenetic data. If the 320 historical signal is heavily eroded, then other phylogenetic signals-like the compositional 321 signal-may be strong enough to return a consistent phylogenetic estimate. However, this 322 estimate might not reflect the true evolutionary history and there is no way of finding this 323 out, unless parametric bootstrapping or predictive posterior probability analyses are done.
324
These analyses are computationally expensive and time-consuming, so it is much better to 325 examine the phylogenetic data for evidence of violation of phylogenetic assumptions before 326 model selection than at a later stage in the phylogenetic protocol.
327
The method to estimate λ is a sensible solution to the problem of measuring decay of 328 the historical signal. It relies on δ obs (otherwise known as the p distance) and the metric δ ran , 329 which corresponds to the proportion of variable sites with differences between the two 330 sequences that have been allowed to evolve for infinitely long time under independent (and 331 possibly different) Markovian conditions. These conditions may be such that the sequences 332 will acquire different nucleotide compositions at the homologous sites. That δ ran is flexible is 333 desirable, because it is well known that homologous sequences often differ in nucleotide or all but two of the identical sequences before a phylogenetic analysis is commenced, but any 342 sequence that differs from the other sequences at just one site will be kept in the alignment.
343
The combined approach implemented in the methods described above facilitates naming all of 344 the identical and near-identical sequences in an alignment; this means that anyone who uses 345 phylogenetic methods to annotate genes will be able to work faster and obtain more accurate 346 phylogenetic estimates during the gene annotation process.
347
The method to estimate δ CF S is a sensible solution to the problem of estimating a 348 standardised compositional distance between two sequences. Not only are all the constant 349 sites in the data ignored, but the metric is also scaled such that estimates associated with 350 different degrees of freedom can be compared directly. The benefit of this is illustrated in Finally, it came as a surprise that the historical signal is not completely eroded for 3rd 361 codon position of most of the sequences (Fig. 4) The alignments were first used by Misof et al. (2014) . Only variant sites were considered. The summary statistics (mean, variance, minimum, and maximum) for δ CF S are: first codon sites (14.8409, 87.7655, 0.7649, 66.5152) ; second codon sites (5.2480, 9.5935, 0.5160, 23.5955) ; third codon sites (38.6445, 746.3297, 1.3870, 166.2780) .
